SYNOPSIS Trimethoprim resistance was transduced from a resistant to a sensitive strain of Staphylococcus aureus by means of a cell-free phage lysate of the resistant strain. The resistance acquired by the sensitive strain was stable and could not be eliminated by growth at an elevated temperature or in the presence of acridine or ethidium bromide. This stability and the kinetics of transduction by ultraviolet-irradiated phage suggest that resistance to trimethoprim in Staph. aureus is determined by a chromosomal rather than a plasmid gene.
A recent survey of drug resistance in Staphylococcus aureus cultures isolated from patients in hospitals showed that 1 6 % were resistant to trimethoprim (Nakhla, 1972) . All the trimethoprim-resistance strains were also resistant to several other antimicrobial drugs, including sulphonamides. It may be expected that the widespread use of trimethoprim, as in the mixture with sulphamethoxazole known as co-trimoxazole, will result in an increase in the frequency of trimethoprim-resistant staphylococci. Some 20% of staphylococci isolated in London hospitals in 1970/71 were resistant to sulphonamides.
A sensitive bacterium may acquire drug resistance by spontaneous mutation or by the transfer of genetic determinants (chromosome-or plasmidborne) from aresistant strain. Some strains ofbacteria can be readily trained in vitro to trimethoprim resistance, suggesting that resistant mutants arise ' spontaneously at a fairly high frequency (Darrell, Garrod, and Waterworth, 1968) . As far as is known, the only mechanism of gene transfer between staphylococci is transduction. Attempts were made to transduce trimethoprim resistance between strains of staphylococci, to determine whether the genetic determinants for resistance are located on the chromosome or carried on a plasmid. This can be deduced from the transductional kinetics and the stability of the resistance character under different environmental conditions (Arber, 1960; Hashimoto, Kono, and Mitsuhashi, 1964; Asheshov, 1966 Asheshov, , 1969 Rubin and Rosenblum, 1970 In some experiments, the transducing phage was irradiated with ultraviolet light. Petri dishes containing 5 ml of phage suspension in nutrient broth were placed at a distance of 10 cm from the ultraviolet source, a Honovia Chromatolite lamp (90% of output at wavelength 254 nm). After irradiation for two, four, six, eight, 10, 12 min samples were removed, titrated for survivors, and used ill transduction experiments.
The frequency of transduction was calculated as the ratio of the number of transductants isolated to the number of active phage particles used in the experiments. When ultraviolet phage was used, it was calculated on the number of active particles present before inactivation and not on the number of particles surviving the inactivating dose.
STABILITY OF TRANSDUCED RESISTANCE
The stability of trimethoprim resistance was tested by the ability of the transductants to lose their acquired resistance after growth at 43°C (Asheshov, 1966) in the presence of 12-5 ,tg per ml of 5-aminoacridine hydrochloride (Hashimoto et al, 1964) and of 6 x 10-6 M-ethidium bromide (Rubin and Rosenblum, 1970) . The methods used by the respective authors were adopted.
Results

TRANSDUCTION OF TRIMETHOPRIM RESISTANCE
Trimethoprim-resistant transductants of PS6 were obtained in each of several experiments. Twenty-four transductants from each experiment were purified by streaking on trimethoprim-containing WSA medium, and their identity was confirmed by determining their phage-typing and antibiotic-resistance patterns. They were resistant to trimethoprim but sensitive to all the other antibiotics to which the donor strain was resistant. They showed the same degree of resistance to trimethoprim as did the donor (MIC: x ----x survivors after ultraviolet.
phage was low (2-7 x 10-7) but increased 4-5-fold when the transducing phage was given a small dose of ultraviolet irradiation ( figure) . This response to irradiation is typical for transduction ofchromosomal genes (Arber, 1960) . A few resistant clones were isolated from the control cultures in each experiment. Their number, which did not exceed 10 in any one experiment, was at least 10 times less than the number of transductants obtained. They were presumed to result from spontaneous mutation in the recipient culture and showed the same degree of resistance as the donor strain (MIC: 8 ,ug per ml).
STABILITY OF TRIMETHOPRIM RESISTANCE
Resistant transductants of PS6 were examined for loss of resistance after growth at 43°C for 48 hr and after growth in the presence of 5-aminoacridine hydrochloride (12-5 ug per ml) and ethium bromide (6 x 10-6 M). No sensitive clones were found among 1000-2000 examined in each of these experiments.
Discussion
The genetic determinants for trimethoprim resistance in strain 71/18524 could be transduced to PS6. The kinetics of transduction, in particular the stimulation in the frequency of transduction by small doses of ultraviolet irradiation given to the transducing phage, suggest a chromosomal rather than a plasmid location for the resistance determinants (Arber, 1960; Asheshov, 1969; Novick, 1969 (Hashimoto et al, 1964; May, Houghton, and Perret, 1964; Bouanchaud, Scavizzi, and Chabbert, 1969; Rosenblum, 1970, 1971 Transfer of antibiotic-resistance markers between strains of staphylococci in mixed cultures has been shown to occur, both when the genetic determinants are carried on a plasmid (Novick and Morse, 1967; Lacey, 1971a and b) or on the chromosome (Lacey, 1972) . Transfer appears to be by transduction medi-L. S. Nakhla ated by temperate phage carried by the donor strain.
Mixed culture experiments as described by Lacey (1972) were tried in the present work to determine the possibility of transfer of trimethoprim resistance under these conditions but the results were inconclusive.
It is uncertain whether the transfer of trimethoprim-resistance determinants between strains will have an important influence on the frequency of this resistance in staphylococci. In view of the fact that some degree of spontaneous mutation to resistance occurs as revealed in the transduction experiments, it may not be necessary to invoke transduction to explain the appearance of resistant strains in hospitals. As with the Gram-negativebacilli (Darrell et al, 1968) , mutation to resistance, with or without the transfer of resistance between strains, may be expected to lead to further increases in the frequency oftrimethoprim resistance among staphylococci if cotrimoxazole continues to be used at the present rate.
TIhat the naturally occurring trimethoprim-resistant staphylococci so far encountered in London hospitals have all been resistant to sulphonamides and to several other antibiotics, and that the sulphonamide resistance is very freqent among multiple resistant strains found in the hospital population (Nakhla, 1972) suggest that the widespread use of co-trimoxazole may cause an increase in the prevalence of undesirable strains with a wide pattern of resistance to antimicrobial agents. I am indebted to Dr E. H. Asheshov for advice and suggestions.
